OBJECTIVE: This study aimed to investigate the relationships between body weight and fat distribution, and four empirically derived domains of socioeconomic status: employment, housing, migration status and family unit. DESIGN: A population-based study was used. PARTICIPANTS: A total of 8667 randomly-selected adults (4167 men; 4500 women) who participated in the 1995 Australian National Health and Nutrition Surveys provided data on a range of health factors including objective height, weight and body fat distribution, and a range of sociodemographic indicators. RESULTS: Results demonstrated associations for women, after controlling for age, between the employment domain, and body mass index and waist-to-hip ratio. Low status employed women were 1.4 times as likely to be overweight as high status employed women. There were less consistent relationships observed among these factors for men. Relationships between family unit and indicators of body weight and body fat distribution were observed for both men and women, with those who were married, particularly men (OR ¼ 1.6, 95% CI 1.4 -2.0), at higher risk of overweight. The migration and housing socioeconomic status domains were not consistently associated with body mass index or waist-to-hip ratio. CONCLUSIONS: These findings indicate that different components of socioeconomic status may be important in predicting obesity, and thus should be examined separately. Future research would benefit from investigating the underlying mechanisms governing the relationships between socioeconomic status domains further, particularly those related to employment and family unit and obesity.
Introduction
A large number of cross-sectional studies have investigated associations between socioeconomic status and body weight and obesity (see Sobal and Stunkard, 1 for a review). Results generally demonstrate that, among women in developed societies, socioeconomic status is strongly inversely related to body weight and risk for overweight and obesity. 2 -7 Evidence for men is less consistent, with mixed results reported. 3,8 -13 The majority of previous studies are crosssectional, and hence do not permit unequivocal conclusions as to the direction of effects between socioeconomic status and obesity. Results of a limited number of prospective longitudinal studies support claims that low socioeconomic status predicts weight gain and risk of obesity over time. 14 -16 The majority of studies assess body weight using body mass index. It has been argued, however, that the distribution of body fat (assessed by waist-to-hip circumference ratio; waist-to-hip ratio) is more predictive of health problems than body mass index. 17, 18 Findings of several recent studies suggest that waist-to-hip ratio may also be related to socioeconomic factors including employment status, education, marital status and housing conditions. 5, 19 The associations between socioeconomic status factors and body weight may differ depending on whether body mass index or waist-tohip ratio is used as the index. 5 However, evidence linking waist-to-hip ratio and socioeconomic status is limited. Moreover, despite a wealth of studies describing the links between socioeconomic status, and body weight and obesity, very little is known about the nature of this relationship, or how socioeconomic status, and body weight and body fat distribution are linked.
Socioeconomic status is a complex, multidimensional construct, based on numerous major components including an individual's income, education, occupational prestige and family background. Although socioeconomic status is often considered a global construct, it has been suggested that individual components (eg education, occupation, income) represent different facets of socioeconomic status, and that studies of the mechanisms relating socioeconomic status to obesity should investigate the individual components separately. 1, 20 To date, few studies have empirically investigated simultaneously the associations between different components of socioeconomic status and body weight or obesity. Flegal et al 9, 10 showed that body mass index was negatively related to income and to education for women. Among men, however, body mass index was positively related to income but the relationship with education was inconsistent. These studies highlight the importance of investigating different components of socioeconomic status in the same sample, since associations with body weight may differ depending on the domain assessed. An examination of the relationships between different socioeconomic status domains and body weight would identify groups at risk of overweight and obesity and provide insights into those specific socioeconomic status components which may impact on obesity.
This study investigates the associations between four empirically derived components of socioeconomic status (employment, housing, migration status and family unit), and body weight (body mass index), fat distribution (waistto-hip ratio), and risk for overweight or a high waist-to-hip ratio, in a large national population sample of adult men and women. It was hypothesized that the four domains of socioeconomic status would be associated with body mass index, waist-to-hip ratio, and risk for overweight and a high waistto-hip ratio. Consistent with previous findings, these associations were hypothesized to be stronger for women than for men.
Methods
Participants Data were derived from the 1995 Australian National Nutrition Survey. 21 These participants were recruited from the study population of the 1995 National Health Survey. 22 The National Health Survey is part of a regular five-yearly population survey conducted by the Australian Bureau of Statistics, which collects health status information about Australians. Recruitment procedures for the 1995 National Health Survey and National Nutrition Survey surveys are described elsewhere. 21, 22 Briefly, for the National Health Survey, a nation-wide sample of 23 800 households was randomly obtained using a stratified multi-stage area sampling technique. Of households selected to participate, 91.5% households responded, with a total of 57 633 persons interviewed. Of those, 22 562 were selected to participate in the National Nutrition Survey. The sample for the National Nutrition Survey was systematically selected from the National Health Survey private dwelling sample covering urban and rural areas across all states and territories of Australia. A maximum of three people per household participating in the National Health Survey were randomly selected and invited to participate in the National Nutrition Survey.
A total of 13 858 persons participated in the National Nutrition Survey, representing a response rate of 61%. Of these participants, 10 754 were adults (18 -79 y). The present study uses data provided by 8667 adults (4167 men; 4500 women) of working age (18 -64 y). Pregnant women (n ¼ 159) were excluded from analyses.
Measures
Height and weight. Height and weight were measured, without shoes and with only a single layer of light clothing, to the nearest 0.1 cm and 0.1 kg respectively, using standardised procedures. 21 Body mass index was calculated as weight in kilograms=(height in metres) 2 ).
23
Waist-to-hip ratio. Waist and hip circumferences were measured over one layer of light indoor clothing. Two measurements were taken and recorded to the nearest 0.1 cm, and the average of the two readings was used in analyses. Waist-to-hip ratio was calculated using the formula: waist-to-hip ratio ¼ Waist circumference (cm)=hip circumference (cm). Based on previous findings of associations between high waist-to-hip ratio and increased risk for cardiovascular disease in adults 24, 25 the cut-offs used to indicate high waist-to-hip ratio were 0.9 for men, and 0.8 for women.
Socioeconomic status. The age-and gender-specific socioeconomic status indices used in the present analyses consisted of four factors derived from factor analyses of demographic and socioeconomic variables from the National Health Survey. 26 Fourteen items were found to load consistently on four conceptually meaningful socioeconomic status domains, given in the order of relative rank as employment, housing, migration and family unit. Descriptions of the 14 items which loaded on the four socioeconomic status domains are outlined in Table 1 . To obtain groups representing high, middle and low socioeconomic status, tertiles of the factor scores were calculated for each of the four domains, with the lowest tertile representing the most disadvantaged on that socioeconomic status domain. For example, the high employment tertile included those working in a salaried position or own business; working full-time; and=or working as managers or professionals. The high housing group comprised those who owned Socioeconomic status and obesity K Ball et al homes, with more bedrooms. The high migration group included those who were Australian born and spoke English. The high family unit group included those who were not married or defacto; whose income was not shared; and for men, those who left school after the age of 18 y.
Age. Age in years was categorised as 18 -24, 25 -34, 35 -44, 45 -54 and 55 -64.
Procedure
Trained interviewers personally interviewed participants in the National Health Survey. At the completion of the National Health Survey interview, selected participants were informed of the National Nutrition Survey and agreement was sought for this interview. Height, weight and waist-to-hip measurements were taken by trained interviewers.
Statistical analysis
Descriptive statistics for body mass index and waist-to-hip ratio scores (mean and standard deviation) were calculated for each gender, and univariate analyses (ANOVA) were used to compare means for sub-groups of participants according to sociodemographic items. To provide a comprehensive overview of the relationships between socioeconomic status and body mass index=waist-to-hip ratio, associations of body mass index=waist-to-hip ratio with individual sociodemographic items, as well as with broader socioeconomic status domains, were investigated. Age adjusted means and 95% confidence intervals were estimated for body mass index and waist-to-hip ratio, using the least square means option of the general linear models procedure of SAS. 27 Bonferroni corrections were used to reduce the effects of inflated type 1 errors due to multiple comparisons. 28 Body mass index was further categorised as 'overweight' combining the overweight and obese categories ( 25 kg=m 2 ), and 'not overweight' combining the underweight and acceptable weight categories ( < 25 kg=m 2 ). The waist-to-hip ratio was categorised as high (male: waist-to-hip ratio > 0.9; female: waist-to-hip ratio > 0.8) or low.
The proportion of participants being overweight was then calculated for each category in the four socioeconomic status domains. Logistic regression modelling was used to determine the age-adjusted odds ratios (OR) and 95% confidence intervals (95% CI) for being overweight, and for having high waist-to-hip ratio, with each socioeconomic status domain score treated as an ordinal categorical variable.
Results
Sixty-five percent of men and 47% women were overweight or obese; 54% of men and 32% of women had a high waistto-hip ratio. Mean (s.d.) of body mass index and waist-to-hip ratio scores for groups of respondents, categorised according to sociodemographic items are shown in Table 2 . Men with the lowest body mass index had one or more of the following characteristics: they came from households that did not speak English; were single; lived in households with shared incomes; and left school after the age of 18 y. Women who left school after age 18, worked full-time, or were managers or professionals, also had the lowest body mass indexes. Only for women were there significant associations between waist-to-hip ratio and the items 'whether the household usually speaks English', 'year of arrival in Australia', and 'ability to speak English'.
The age-adjusted means for body mass index and waistto-hip ratio, in relation to the categories of socioeconomic status domains are shown in Table 3 . Among men, those who were married or lived in shared income households had both a high body mass index and waist-to-hip ratio; however those who were living in rental premises or in dwellings with less than three bedrooms had a high body mass index and a low waist-to-hip ratio. Among women, the domain employment was a significant predictor of body mass index and waist-to-hip ratio, with those in the highest tertile (ie full-time managers or professionals) having the lowest age-adjusted body mass index and waist-to-hip ratio. Women who were married or living in households with shared incomes also had slightly higher waist-to-hip ratio.
The age-adjusted odds ratios for overweight and high waist-to-hip ratio in relation to the categories of socioeconomic status domains are shown in Table 4 . Among men, the likelihood of being overweight was reduced by 30% for those in the lowest tertile category of the employment domain (compared with those in the high tertile), OR ¼ 0.7, 95% CI ¼ 0.6 -0.8. However, for women the likelihood of being overweight was increased by 40% for those in the lowest tertile of the domain employment (compared with those in the high tertile), OR ¼ 1.4, 95% CI ¼ 1.2 -1.7. In both 
Discussion
Research that has examined the relationship between socioeconomic status and a variety of health outcomes has suggested the need to move beyond describing socioeconomic status gradients in health outcomes, to positing and testing theoretical models explaining these differences. 29, 30 Despite a substantial research literature describing associations between socioeconomic status and body weight, there has been little empirical investigation of the mechanisms underlying socioeconomic status gradients in obesity. This study, while not etiological in nature, is one of very few which has attempted to move beyond description of the relationships of body weight with broad socioeconomic status and begin to explore which specific domains of socioeconomic status are related to body weight, body fat distribution, and risk for overweight or high waist-to-hip ratio. Partial support was Among women, those scoring highest on the employment factor (eg women employed full-time as managers or professionals) had lower body mass indexes, waist-to-hip ratios, and risk of overweight than women who scored lower on the employment factor. Among men, the relationships were less consistent. Waist-to-hip ratio was not associated with employment for men and the relationship of employment with risk of overweight was the reverse to that among women: men who scored lower on the employment domain were at lower risk of being overweight than those scoring higher. These gender differences in socioeconomic status-weight associations are consistent with past findings 1 and suggest that employment components of socioeconomic status may impact differentially on body weight for men and women.
Based on these findings, potential mechanisms governing specific socioeconomic status gradients in obesity may be posited. For example, it may be that employment status structures lifestyle, and hence diet and physical activity opportunities.
Associations were also demonstrated between the family unit socioeconomic status domain, and several indices of body weight. In contrast to findings for the employment domain, these associations were particularly strong for men. Men who were married, living in households with shared income and who had less education, had higher body mass index, higher waist-to-hip ratio, and increased risk of overweight or a high waist-to-hip ratio than men who were single, living in a household not sharing income, and who had more education. Among women, there was a weaker association, in the same direction, between family unit and waist-to-hip ratio only. These outcomes are consistent with previous findings that being married is positively associated with body mass index in men but not women. 5 It may be postulated that a higher income may govern access to material resources for obesity prevention. Similarly, education may be related to obesity primarily through shaping knowledge about diet, physical activity and the health effects of obesity. 20 It is important to recognise that the present findings are based on cross-sectional data, and a causal relationship cannot be inferred. The association between aspects of socioeconomic status and body weight may be due to the influence of obesity leading to a decrease in socioeconomic status. For example, negative stereotyping and stigmatisation of obese individuals may result in restricted opportunities for social advancement in education, employment, or relationships. 31 In addition, the present findings of gender differences in socioeconomic status -obesity relationships may reflect different mechanisms underlying the associations of socioeconomic status and body weight among men and women. Future investigations, particularly involving longitudinal, prospective studies, should explore further the directional effects of these relationships among men and women, and also investigate the potential pathways through which socioeconomic status and obesity may be linked. For example, socioeconomic status gradients have been reported in certain health behaviours implicated in obesity. Lower socioeconomic status groups are less likely to participate in regular physical activity, for instance, 32 and may be more likely to eat a high-fat diet. 33 These socioeconomic status differentials in weight-related behaviours may account at least partly for the relationships between certain domains of socioeconomic status and body weight and fat.
The development and empirical evaluation of theoretical models of socioeconomic status and obesity will advance understanding of the pathways between these factors, and should be a priority of future research. An understanding of the aspects of socioeconomic status which are related to body weight is crucial in determining the nature of the relationships between these factors and considering strategies to prevent obesity in high risk population groups. Obesity prevention efforts would benefit from identifying how each socioeconomic status dimension is related to body weight and fat, and considering gender specific strategies to address each dimension. These findings suggest that further investigation of employment, and marital and family domains as they relate to obesity may be fruitful.
